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'ABSTRACT

Certain aspects of larval tuna saumpling were studied by an analysis of the catches
of the 0, 0-60, T0-130, 140-200, and 0200 meter plankton tows midde on 15 cruises in
Hawalii, the equatorial Pucific, and French Qceania. The use of paired nets showed
that the catch of a single net could be duplicated, and that plankton nets were there-
fore reliable tools for sampling the abundance of tuna larvae.

Moxt larval tuna were captured between the surface and 60 meters, with 20-25 per-
cent more between 70 and 130 m., and practically none between 140 and 200 m.
Marked night-day differences in catch occurred at the surface but became less at
creater depths. Most of these differences were attributable to vertical migration
rather than net-dodging. The 0-200 m. tow. fishing through the entire depth range
of larval tuna, was regarded as the best of the tows tested.

Larval skipjack and frigate mackerel were rarely captured during the day by the
0 and 0-30 m. tows, but this was not true for yellowfin. Both skipjack and yellowfin
began to appear at the surface in the afternoon but disappeared at sunset, to reappear
somewhat later. This disappearance from the surface was cofrelated with the rise
of the deep scattering layer.

The dominant size group in the larval tuna calch measured from 4.0-4.9 mm. total
length, Many larvae of 2.0-2.9 mm. total length were presumed to have escaped
through the net meshes, while larvae longer than 5 mm. may have escaped by dodging.

No significant relations were found between the numbers of adult yellowfin and
skipjack and their respective larvae.
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By Doxann W. StrassurG, Fiskhery Resewrch Biologist.
Bureau or CoMMEerciaL FisHERIES

For the past several years the Pacific Oceanic
Fishery Investigations (POFI), of the U. S. Fish
and Wildlife Service, has sampled adult tuna
stocks ns a means of evaluating the tuna resources
ot the central Pacific Ocean. Deep-swimming
tunas, such as large yellowfin (Neothunnus mac-
ropterus), higeye (Parathunnus xibi), and alba-
core ((Fermo alalunga), were taken by longlining,
and surface dwelling tunas, such as skipjack
(Katswwonus pelumis), and small yellowfin and
albacore, have been captured by live-bait fishing,
gillnetting, and trolling. The catches obtained
by these methods were used as indices of the
availability, distribution, and abundance of the
tuna, and the biological studies of adult fish con-
tributed information on reproductive cycles, food
habits, growth rates, and other phenomena.

For some of the above operations, good fishing
localities could frequently be judged by the pres-
ence of sea birds, knowledge of the circulation
features, water of a certain color or temperature,
or other factors,but in the absence of such guides,
fishing sites were more or less randomly selected.
In areas where sea birds were scarce or absent,
such as o large part. of the open ocean, our knowl-
edge of surface tuna abundance was scanty, thus
raising the question of the reliability of the sev-
eral guides. Another inadequacy of the sampling
method was that running ripe fish were rarely
caught, either because of their migration from
the fishing grounds, cessation of feeding during
spawning, or the breaking up of schools during
the reproductive period. There was little precise
information, therefore, on the time and place of
spawning except for the general trends evident
from gonadal studies.

It was believed that a study of the eggs, lavvae,
and juveniles of tuna would he of considerable
aid in filling certain gaps in our knowledge. The

NoTE,—Released for publication I'eh, 27, 1959, PFishery Bul-
letin 167.

POTT was redesignated Bureau of Commereial Fisheries Labo-
ratory, Jan. 1, 1959,

occurrence of eggs and larvae, as collected in
plankton tows, should indicate the recent or con-
tinning presence of adult fish independently of
external indicators, and should prescribe the time
and place of spawning with accuracy, depending
on current drift and ontogenetic age. With re-
linable estimates of abundance, it should be pos-
sible to determine the numerical relations between
adult tuna, their eggs, and larvae.

Before these major problems could be studied
effectively it was necessary to consider the sam-
pling methods employed. Among other things, it
was requisite to know the reliability of a plank-
ton tow as a method of capturing tuna eggs and
larvae, and also to standardize the time and depth
of tow so that meaningful comparisons could be
made hetween samples. Because of its occasion-
ally profound effect on the catch, it was desirable
to understand the rudiments of larval tuna be-
havior. A study of these problems resulted in the
present report, but becanse tuna eggs are not
presently identifiable, its scope is limited to larval
and juvenile forms. I should like to express my
gratitude to Walter Matsumoto for his help in
identifying tuna larvae, and to other POFT staff
members who aided in collecting and processing
the samples and in reviewing the manuseript.

METHODS

Collecting

All larvae reported upon were collected by
plankton tows made from the POFT vessels Hugh
M. Smith and Charvles H. (Filhert. Three cruises
were limited to the Hawaiian area, and 12 took
place in the equatorial Pacific with some empha-
sis on the waters of French Oceania. Matsumoto
(1958) has already presented data for 8 of these
15 cruises (Hugh M. Smith cruises 5, 6, 7, 8, 11,
14, 15, and 18). The operational areas of the
remaining 7 cruises are shown in figure 1, and
appendix tables 5 through 11 summarize catch
and etfort. for each station.
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F1¢ure 1.—Plankton stations sampled for larval tunas.
HMS=Hugh M. Smith, CHG=Charles H. Gilbert.
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All plankton nets employed were 1 meter
diameter at the mouth and 5 meters in length.
The nets were of two types, open and closing, the
structural details of which are given by King and
Demond (1953) and King and others (1957). On
early eruises the nets were fubricated of Dufours
bolting silk or silk grit gauze (30XXX body and
56X XX rear section), but these materials were
Inter replaced by nylon (#656 Nitex body and
#308 Nitex rear section) ; for all nets, mesh aper-
tures were (.66 mm. in width in the body and
0.31 mm. in the rear section and bhag. The nets
were equipped with flowmeters to measure the
amount of water strained.

Three types of plankton tows were made: hori-
zontal open net tows, oblique open net tows, and
oblique closing net tows. For this study only
those horizontal open net tows which fished at the
surface were considered, and these can be termed
simply surface or 0-meter tows. They fished just
deeply enough so that the nets did not break the
surface. Oblique open net tows were made from
the surface to about 60 m. and from the surface
to about. 200 m.; for brevity these are designated
as 0-60 m. and 0-200 m. tows. The oblique clos-
ing net tows involved a string of three nets, the
uppet one being an open net fishing from the sur-
face to approximately 60 m., the middle a closing
net fishing from abont. 70 to 130 m., and the lower
& closing net fishing from about 140 to 200 m.
These are designated as 0-60 m., 70-130 m., and
140-200 m. tows, with the first being indistin-
guishable from the 0-60 m. oblique open net tow.
Ordinarily, tows were l4-hour in duration, but
some were as short. as 15 minutes or as long as
1 hour, at towing speeds of 2.5 to 3.5 knots.

Processing

At the completion of each tow the nets were
hanled ahoard, hosed down to remove plankton
residues, and the samples transferred to glass
fruit jars and preserved in 10-percent horax-
neutralized formalin. As soon as possible after
returning to the laboratory all fish and fish eggs
were removed, and, from these, all young tuna
were sorfed and transferrved to clean formalin for
storage.
Identification

Larval tuna were identified principally with
reference to Matsumoto's two recent papers

(Matsumoto 1958 and 1959). POFI’s extensive
collections provided comparative material, and in
some cases Matsumoto examined the specimens.
The vast majority of specimens were referable to
skipjack (Katswwonus pelamis), yellowfin (Neo-
thunnus macropterus), frigate mackerel (Adwuwis
thazard and Awais sp.), and little tunny (Ewthyn-
nus yaito) ; these are designated by their common
names throughout the balance of this report. Of
the unidentified material, a few specimens be-
longed to species for which the larvae are
undetermined, and the remainder were severely
mutilated.

Terminology

Larva denotes a specimen lacking the full com-
plement of vertical fin spines and rays. This
term includes most individuals below about 11
mm. in total length.

Length is total length, measured from the tip
of the snout to the end of the longest caudal ray;
where the caudal is forked, length is fork length.

Abundance is expressed as the number of lar-
vae per thousand cubic meters of water strained,
and also as the number of larvae beneath 10
square meters of sea surface.

Time is expressed in terms of the 24-hour clock,
with zone time being used in each case.

Invertebrate plankton volume is the displace-
ment. volume measured subsequent to the removal
of all fish, fish eggs, and organisms larger than
5 em. longest dimension.

RELIABILITY OF A SINGLE SAMPLE

It was reasoned that if the catch made by one
plankton net could be duplicated by another fish-
ing at the same time and place, then plankton
nets are reliable tools for sampling larval tuna
within certain limitations of the sampling method.
Reliahility was first tested on Charles H. Gilbert
cruise 30 to the Marquesas Islands. Two surface
nets were launched simultaneously at 2000 hours
each night; they fished about 20 feet apart for
one-half hour after which they were retrieved,
rinsed, the cod-ends replaced, and the procedure
repeated for a second half-hour. Fourteen sta-
tions, each including a 4-haul series, were occu-
pied, but the sampling was apparently done in
the off-season (Aug.—Sept.) with respect to Mar-
quesan tuna spawning, and few larvae were col-
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lected. A second test was made during January-
March on Hugh M. Smith cruise 38 to French
Oceania. Here, two half-hour tows were taken
each night, one immediately following the other,
so that members of a pair of samples differed
slightly in time and space. The data obtained

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

from these tests are listed in detail in the ap-
pendix and in summary form in table 1. With
respect to the latter, it should be noted that all
species of tuna larvae were combined and that
only those stations were considered where larvae
were taken by one or more nets.

TarLE 1.-— Numbers of larval tuna caplured by paired night surface tows, with analyses of variance hased on transformed dala

["=l°g ( 1():)-;—0;13) ]

Charles H. Qilber! eruise 30

Hugh M. Smith cruise 38

Time Time
Station No. Position Station No.
First Second First Second
L3 hr. 15 hr. 1;hr. 14 hr.
3 1 9 18
1 2 2 0
1 0 11 4
1 2 0 2
1 0 4 1
0 0 7 47
2 1 13 21
1 2 2 1
n 0 3 1
1 [} 2 2
0 0 16 4
0 1 56 il
i Port 4 13 10 13
V8tarhoard__ 17 2%
); 4 1
2 1
0 0
2 0
5 2
1 4

Analysis of variance

Analysis of variance

Source Degrees of Sum of Mecan square Source Degrees of Sum of Mean square
freedom sfuares freedom S(uares
Time (T) . o e 1 0. 0185 0. 0185 1 0. 0023 0. 0023
Stations 18)_._____ b 4. 5071 0, 5008 12 8. R1E0 0, 4580
Positions (P)____ 1 0. 0168 0. 0168 12 0. 9542 0. 07495
TXS. .o ... 9 0. 1549 0.0172
TP ___. 1 0.1102 0.1102 Total . - ... 25 68725 |
SAP____._. 9 0. 2258 (1. (1251
TXSXP.__. 9 n, 2540 0. 0232
Total . o 39 AM73 .

**Indleates a significant F value ( p<0.01).

A preliminary examination of the data indi-
cated that they were skewed, and this was verified
by plotting station variances against station
means for the Charles H. Gilbert samples (fig. 2).
A logarithmic transformation was accordingly
performed, using the expression 2’ =log (I—I_l_,—l )
where 17 is the volume of wuater strained in ten-
thousand cubic meters. The use of the quantity
(# + 1) eliminated all zero terms. An analysis
of variance was made on the transformed data
(table 1). Interaction terms were assumed to be
negligible, and were used to test significance.

The analysis of variance produced no significant
F-values except for the “stations™ category. Be-
cause the station interval varied from 90 to 200
miles, significant differences are not surprising,
particularly in view of the extended geographical
coverage of the two cruises (fig. 1). However,
between-station differences are of less interest. than
are those types of variability leading to errors in
estimating spatial and temporal abundance.

It is diflicult to conceive of a biological situa-
tion leading to statistically different port and
starboard catches, for any such differences would
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VARIANCE
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FieURE 2.—Unadjusted larval tuna catches showing rela-
tion between means and variances, Data from surface
tows taken on Churles H. Gilbert cruise 30 (table 1),
stratified by station.

tend to be canceled in random sampling. On an a
priori basis one could almost say that the statisti-
cal test. was unwarranted, but before concluding
that the catches of the two nets were duplicates
it is well to consider additional information avail-
able from table 1. The fact that a logarithmic
transformation was necessary implies contagion,
or in other words, tuna larvae are not randomly
distributed in the ocean. They apparently occur
in patches, perhaps resulting from spotty spawn-
ing, early attempts to school or form feeding
aggregations, or other factors. Under these cir-
cumstances a single measurement is not too re-
liable an estimate of larval abundance. It is pos-
sible to set fiducial limits to the eatch listed in
table 1 by use of the error terms’ mean squares,
these being estimates of the population parameter,
o®.  Ninety-five percent (2¢) confidence limits

were selected, and these were converted to ratios

by use of their antilogs. For the Charles H. Giil-
bert data, the 95-percent limits were 46 percent
(100 X 1/2.17) and 217 percent. (100 X 2.17), while
for the Hugh . Smith samples the limits were
27 and 366 percent. For one tow to differ signifi-
cantly from another, its eatch would have to be
either less than about 14 (14), or greater than
2 (3) times the catch of the second tow,

No statistical differences were found between
samples taken a half-hour apart at night; the
subject of a change in catch with the advance of
night is discussed later in this report.

527188 0—60——2

VARIATIONS IN THE DISTRIBUTION OF
LARVAL TUNA

General Vertical Distribution

Wade (1951) and, more recently, Matsumoto
(1958) have demonstrated marked differences in
larval tuna abundance between day and night
surface catches. Matsumoto suggested that these
differences were caused by a vertical diurnal mi-
gration of tuna larvae, with the fish rising to the
surface at night and descending to depths prob-
ably not greater than 50 meters during the day.
In addition to vertical migration, this diurnal
variation in the catch could also be produced by
the larvae dodging the net. Larvae should be able
to see an approaching plankton net more clearly
during the day than at night.

In order to compare the relative importance of
migration and dodging in larval tuna sampling,
a study was made of the night and day. catches
of nets fishing at several depths. The data for all
species of tuna larvae were pooled, and an aver-
age catch was calculated from all available sam-
ples (Hugh M. Smith cruises 4, 5,6,7, 8, 11, 14,
15, 18, 31, 33, and 38; Charles H. Gilbert cruises
30, 32, and 34). The data were derived princi-
pally from samples containing at least one tuna
larva, as it was reasoned that the inclusion of
zero catches would introduce another variable,
namely the complete absence of larvae, as opposed
to merely not catching them. Where more than
one net was used at a station, all samples, includ-
ing zero catches, were considered when any net
caught a tuna larva. Histograms showing the
average catch per thousand cubic meters of water
strained are presented in figure 3.

Ot the several tendencies apparent in figure 3
perhaps the most noteworthy is the over-all de-
cline in catch with depth. About 75-80 percent
of the larvae occurred between the surface and
60 m., about 20-25 percent. between 70 and 130

~m.,and practically none below this depth (closing

nets operating from 332-127 m., and from 812-355
m. failed to capture tuna larvae on Hugh M.
Smith cruise 33). In the night hauls a marked
decrease was evident between the surface, 0-60,
70-130, and 140-200 m. captures, with the catches
of the 0-200 m. tows being midway in number
between those from the surface and 140-200 m.
In the day hauls, on the other hand, there was a
slight increase in catch with depth between the
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F16UBE 3.—Night and day variation in larval tuna catch
with depth. Number of tows is shown in parentheses.
The number of larvae obtained at each depth were as
follows: 0 m—927: 0-60 m.—432: 0-200 m.—592: 70-130
m.—20: and 140-200 m., 2.

surface, 0-60, and 0-200 m. tows. This illustrates
an additional point as follows: the increase with
depth may indicate a reduction in the amount of
dodging with a decrease in illumination, or it may
represent. a downward migration during the day-
light hours. This contrasts with the situation
found for night catches where the density of lar-
vae was much greater toward the surface. Such
a change in abundance obviously signifies vertical
migration, and, although dodging is a factor, we

believe that migration is of greater importance in

determining the number of larvae captured at a
given depth and time. '

Another tendency shown in figure 3 is the night-
day ditference in catch at various depths. This
difference is most marked in the surface tows, less
hetween 0 and 60 m., of dubious status at 7T0-130
m. because of the small numbers involved, and

apparently lacking at 140-200 m. The average

5 oo =

catch of the 0-200 m. tows (which encompassed
this entire range) showed no night-day difterence.
The fact that the night-day ratio decreased with
depth ecannot be used to evaluate the separate
effects of vertical migration and net-dodging, and
it is of interest here chiefly because of its bearing
on sampling vagaries. Shallow tows (0 or 0-60
m.) eaught about half as many tuna larvae dur-
ing the day as at night, whereas 0-200 m. tows
caught the same number during each period.
Deep closing-net tows (70-130 and 140-200 m.)
showed little or no night-day differences, but. their
catches were too small for good comparisons.

In comparing the catches made at different
towing depths the question arises as to whether
larval tuna ave at times restricted to the upper
layers by temperature. Some evidence that they
are restricted in this manner is given in figure 4,
where the temperatures at various depths are
plotted against closing net catches from these
depths (sampling was completely stratified in
time and space). Here the larvae can be seen to
abound in the warm surface layers, and all cap-
tures at 70-130 m. were made where the water
was 60°F. or warmer. One of the two larvae
taken at 140-200 m. was captured at a station
where a tongue of 60°F. water projected well
down into this depth range, but no explanation

TT T T 1T T T 111 rirr T TT T TTTTd

—O0—60M.

8

L-70-130M.

DEPTH (FEET)

H40-200M.

S T T T T O W O I I B
234567891012827262224231218192013 141516 7
STATION NUMBERS

F1cUke 4.—Isotherm depths at plankton stations, Hugh M.
~Smith cruise 38. Stations are ranked from north to
gouth: temperature and depth measurements derived
from hathythermograph traces. Dots represent closing
net tows yielding tuna larvae.
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is offered for the larva taken in 52-55°F. water
between 140 and 200 m.  Aside from this one in-
stance, it appears that 60°F. is the minimum tem-
perature at which tuna larvae oceur.

Tasre 2.—Correlution beticeen larval tuna calches made
by O meler, 0-60 m., and 0-200 m. tows on Hugh M.
Smith cruise 38

[Analyses performed on <data transformed by 1’
= oz I+1
10,100 m3 of water strained

Number of | Calculated
Comparison between— stations r-value
considered
First 0 m. and 0-200 meters 12 —0.03
Second 0 m. and 0-200 me 13 0.10
First 0 m. and 0-60 meter: 14 **0. 67
Second 0 m. und 0= meters... . 14 *0. 60
0-60 meters and =200 meters_ ... ... 14 0.22

*Indicates  significant r-value (p<n.05).
**Indieates n highly signifieant r-value (p<<0.010.

The above data on vertical distribution and
night-day variations are of aid in selecting sam-
pling times and depths, but the basic reason for
sampling larval tuna is to obtain estimates of their
abundance. In order for these estimates to be
meaningful it is requisite that they reflect the
presence of all tuna larvae, or, in other words, one
should be able to say that there are @ larvae be-
neath y areal units of sea surface. Ifa plankton
tow samples all of the larvae beneath a given sur-
face avea then its catch provides an estimate of
absolute abundance. If the tow captures a fixed
percentage of the lavrvae, then an abundance esti-
mate can be made providing a conversion factor
is available. Obviously a tow which catches no
set portion of the larvae is useless in furnishing a
relinble abundance estimate. With these points
in mind it is well to consider the utility of the
information afforded hy the various plankton
tows discussed above.

It has already been shown that larval tuna
oceur from the surface to depths of 140 to 200 m.
Of the several tows considered, the 0-200 m. is
the only one sampling this entire distribution, so
that its catch is the best reference for comparative
purposes. On cruise 38 of the Hugh M. Smith,
0-60 and 0-200 m. tows were taken simultaneously
(from the same towing cable) each night, and
these were followed by two successive one-half
hour surface tows. Although these tows differed
slightly from each other with respect to time and
space they are the best available for the compari-
son, and correlation methods were used to deter-

mine the proportionality of their catches. The
correlation analyses are summarized in table 2,
where all species of tuna larvae were pooled and
stations were disregarded if neither net captured
a larval tuna. As in the analysis of reliability,

the data were heteroscedastic, and a transformation
x+ 1

in_the form & = 10g(lO,OOO m3 water st-rained)

was necessary.

The data in table 2 show that neither the sur-
face nor the 0-60 m. tow captured a fixed frac-
tion of the 0-200 m. eatch. There were signifi-
cant correlations between the surface and 0-60 m.
captures, but these ave of little importance be-
cause neither net sampled the entire vertical dis-
tribution of the fish. In the 0-60 m. and 0-200 m.
tows, at least, the deep net sampled depths fished
more extensively by the shallower net, and one
would accordingly expect a “part-whole™ correla-
tion between their catches.

Figure 5 shows the tracks and catches of 0-60
and 0-200 m. ftows at two stations where these
nets were used simultaneously; at one station the
catches were equal, at the other they differed
considerably. Fishing depths were calculated
from observed wire-angles, and thermocline
depths from bathythermograph records. The
dashed intercept lines of figure 5 delimit the time
intervals in which the 0-200 m. tow fished in the

45 | 7, 4 | 5 MIN,
o |BO = ] 5 _‘é‘ 9.5 7.5 MIN,
T T 7 T
1 , Ay
l 63/ \ (3
E ""-.,v,-“f N
so|- : 4L \ -
= 1 F INE -
£ 2
i @ i
& wsol- 4 F .
T
&
& 200 4+ .
250 4} -
300 1 | L 1

1 L 1 ]
[+] 10 20 30 40 5 O 10 20 30 40 50
TIME FROM START OF TOW(MINUTES)

I'raure H.—Catch-depth-time relations for two stations
where 0-60 m. and 0-200 m. tows were operated simul-
tuneously at night (Hugh M. Smith cruise 38, stations
45 and 82). Left figure shows situation where catches
were the sime, right figure shows situation where catches
were considerably different. Circled values represent
catch (total tuna larvae per 1,000 cubic meters strained).
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depth range of the 0-60 m. tow, these amounting
to 12 minutes for each station. For the left panel
of figure 5, the total 0-200 m. catch should be
twelve-eighteenths of the 0-60 m. catch plus an
additional catch, €', taken at depths greater than
those fished by the 0-60 m. net. Fov the right
panel, the comparable expression would he 12/19.5
X (0-60 m. catch) + €. Substituting the 0-60
m. catch values, these expressions reduce to 1.5
+ ¢ and 11.0 + (. larvae/1000 cubic meters.
The former is a reasonable approximation of the
actual 0-200 m. catch of 2.4 larvae/1000 cubic me-
ters, whereas the latter differs decidedly from the
actual catch of 1.0 larvae. The majority of 12
other stations similarly analyzed also showed
marked differences, suggesting that the dispro-
portionality between the 0-60 m. and 0-200 m.
catches may be caused by a spotty distribution
of tuna Iavvae. Thermocline depth did not ap-
pear to be related to the catch, although there
were indications of a catch decline when the 0—200
m. net fished deeper than the 60° isotherm.

In the preceding discussion the abundance of
larval tuna was expressed in terms of the volume
of water strained. The convetsion of this measure
to one based on areal units of sea surface was
accomplished with the aid of the following con-
ventions. It seemed obvious that only those tows
fishing throughout the vertical range of tuna
larvae could furnish accurate information on the
number of larvae beneath a given surface area.
Of the various tows studied, the 0-200 m. was
the only one meeting this depth requirement,
with a special situation existing for 3-level clos-
- ing nets. Transformation of the 0-200 m. data
involved multiplying the number of larvae per
enthie meter strained by 200 (the depth of tow in
meters) to give the number heneath 1 square
meter of surface, and then multiplying this value
by 10 to give the number beneath 10 square
meters. (This area of sea surface was selected
as a standard since it gave abundance estimates
of about the same magnitude as the number of
larvae captured per tow.) Multiplieation by
depth presupposed that sampling was equally in-
tense at all depths, an assumption borne out by
the relatively smooth tracks of the 0-200 m. nets
shown in figure 5.

POFT's 3-level closing nets fished at depths of
approximately 0-60, 70-130, and 140-200 m., so

that essentially the entire 0-200 m. depth range
was sampled. The cumulative areal abundance
estimate furnished by these 3 nets should nearly
equal that of a 0200 m. net if a similar conver-
sion were made. In this case, however, the depth
multiplier for each net was 60 (meters), and the
“surface™ oceurred at 0, 70, and 140 m., respec-
tively.

Figure 6 depicts the 0-60, 70-130, 140-200, and
0-200 m. data of figure 3 expressed as the number
of larvae beneath 10 square meters of sea surface.
It. is apparent from figure 6 that the sum of the
catches of the triple-net tows was less than the
0-200 m. eatch, particularly during the day. Be-
cause of the two 10 m. gaps in the triple nets’
depth range one might expect about. a 10-percent
differential (20/200) hetween the two ecatches.
Because the inequality was 36 percent for the
night hauls and 76 percent for the day hauls a
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poor ;sampling stratification is suggested. The
same caleulations made for the stations where
0-200 m. and triple-net tows were made together
(Hugh M. Smith cruise 33, stations 18, 20, 26,
and 28) produced a similar disparity (1.78 lar-
vae/10m* for night 0-200 m. tows, and 0.91
larvae/10m?* for night triple-net tows). How
much of this is sampling artifact and how much
is real can only be determined with more data.

It would appear that, of the various hauls em-
ployed, the 0-200 m. tow, hy sampling the com-
plete vertical range of lTarval tuna, produced the
most. useful information on their abundance. In
addition, night-day catch variations were sup-
pressed in this tow, although this might not be
true in regions where a limiting isotherm, such
as 602, lies deeper than 200 m. Disadvantages of
the (—-200 m. tow are that it may fish too deeply
and its cateh consists of relatively small numbers

"in surface or 0-60 m. tows.
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of tuna lirvae (large numbers are frequently
needed for statistical or other reasons). In an
attempt to obtain a more representative sample
of Jarval tuna POFT is presently testing a 0-110
m. oblique open-net tow. It is believed that the
0-140 m. sampling range covers the vertical dis-
tribution of tuna larvae, that day-night variations
in ecatch will be small or absent, and that the
number of captures can he increased by taking
two half-hour samples per station. Where the
major sampling goal is the capture of large num-
bers of larvae, then shallow tows at night are a
better choice. In table 3, which shows the fre-
quency of occurrence of catches of ditferent mag-
nitude hy the several types of tow, it is apparent
that our largest catches were obtained at night
The noticeable
species differences in day-night catch are dis-
cussed in the following section.

TaBLE 3.— Frequeney of occurrence of catches of different magnitude in rarious types of tows

Number of larvae/1000m3 strained

Species and where caught When enught

0.1to | 4.0to
9 7.9

0 | 16.0 to | 20.0 to | 30.

.0 t 0.0to | 40 to 6 to | 1M to | 500 to
.9 19.9 209 39.9 9 199

58 1,000

SKIPJACE

. YELLOW FIN
Sarface_ L

FRIGATE MACKEREL

Surface

Diurnal Variation in Shallow-Tow Catches
Considering diurnal fluctuations in abundance,
Wade (1951) found skipjack in 17 percent of his
night surface samples but in only 3.6 percent of
his day surface samples. He found a similar
situation for what he termed Ewthynnus yaito

(little tunny), which was in reality frigate mack-
erel (Matsumoto, personal communication), but
not for yellowfin. For the latter species, day and
night. tows were equally successful in capturing
larvae, and high catches occurred randomly
throughout. a 24-hour period. Matsumoto (195%)



240

noted a striking day and night disparity in the
catch of “tuna larvae™ (three species plus an un-
identified category, combined) taken by surface
tow, but any differences between skipjack and
frigate mackerel, on the one hand, and yellowfin,
on the other, were masked by his pooling of
species. Actually his data (see below) included
nearly 50 percent more skipjack and frigate
mackerel, combined, than yellowfin.

The catch of tuna larvae at various times of
day and at two sampling depths is shown in
figure 7. Included are Matsumoto'’s data from
Hugh M. Smith cruise 6, excluding his uniden-
tified category, It is obvious that skipjack and
frigate mackerel were infrequently captured at
the surface during the day but were often taken
there in numbers at night. Yellowfin were ir-
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waters.
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regularly distributed throughout a 24-hour period,
with low surface catches occurring chiefly at
mid-morning. Skipjack showed about the same
diurnal distribution in the 0-60 m. catches as in
the surface captures, whereas the 0-60 m. frigate
mackerel captures were much greater than at the
surface. The 0-60 m. yellowfin catch was irregu-
larly distributed and showed no clear relation to
the surface catch. This pattern of an increase in
catch at night could be caused by either vertical
migration or less successful dodging as discussed
previously. If dodging only were involved one
would expect the catch to be essentially constant
during the hours of darkness. In the case of
skipjack this is manifestly not so, for the catch
inereased markedly between 1800-2000 and 0200-
0400 hours, during which time illumination re-
mained the same. Vertical migration therefore
appears to be the major factor causing the in-
crease in surface catch at night.

Another point illustrated by figure 7 is that
surface captures of yellowfin and skipjack com-
menced in the afternoon, with yellowfin appear-
ing in the catch earlier than skipjack. During
the period from 1800-2000 hours, however, both
species were uncommon or lacking in the surface
catches. This is the time of sunset, and it also
marks the beginning of the ascent of the deep-
scattering layer and of invertebrate plankton.
Subsequent to sunset, the larvae of both tunas
increased in the surface catches. In order to
investigate the effects of sunset on larval tuna
abundance, 6 half-hour surface tows were taken
off Oahu just before and after sunset on each of
two consecutive days. An EDO depth recorder
was used to measure the depth of the various
scattering layers, but good traces were obtained
by this instrument on only one night. The larval
tuna and invertebrate plankton catches made dur-
ing the two nights, along with the EDO traces
obtained on one night, are shown in figure 8. It
should be pointed out that in the figure, the plot-
ted times of capture for larval tuna and inverte-
brate plankton represent the midpoints of the
half-hour towing intervals.

The larval tuna catches shown in figure 8 indi-
cate a late afternoon increase in surface abun-
dance for yellowfin but not for skipjack. The
invertebrate plankton volumes peaked just after
sunset, and declined thereafter. The two deep
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scattering layer traces obtained became insepara-
ble from each other and from the surface trace at
about the time when plankton volumes were
greatest and the larval tuna catch the least. It
seems evident that the change in environmental
conditions accompanying sunset had marked ef-
fect on the surface abundance of tuna larvae and
invertebrate plankton, and on the position of the
deep scattering layer. It is likely that these
items are themselves interrelated.

Some contemporary thought holds that euphau-
siids and other erustacean plankters are the prin-
cipal components of this layer (Boden 1950,
Moore 1950). Our data showing an increase in
surface planktoh concurrent with the rise of the
deep scattering layer are in accord with this idea,
although copepods and other small crustacea were
considerably -more abundant than euphausiids in
the samples under consideration. Supposedly
these plankters are phototaxic and migrate to
maintain position at a weak state of illumination,
with their movement to the surface at twilight
being a response to fading light (Clarke and
Backus, 1956). Although this explanation ac-
counts for the twilight peaking in surface plank-
ton it does not explain the marked decline oc-
curring shortly after sunset. This decline is real,
for it was found on two successive days in the
present study and has been noted several times
by E. L. Nakamura.’

The question now arises whether tuna larvae
are important constituents of the deep scattering
layer. The following lines of evidence indicate
that they are not: the surface abundance of larval
tuna was complementary to that of the deep
scattering layer of invertebrate plankton at sun-
set ; larval skipjack and yellowfin were commonly
taken at the surface during the afternoon, well
hefore the deep scattering layer arrived at the
surface; and our deep closing net samples indi-
cated extremely scanty abundance of tuna larvae
at 140-200 m., so that it is unlikely that they
occur at the 350-550 meter depths occupied by
the deep scattering layer prior to ascent.

Relation of Larval Tuna to Invertebrate Plankton

It was noted that larval tuna and invertebrate
plankton were complementary in abundance at
twilight, and it was deemed worthwhile to ex-
amine this relation further. A plot of the larval
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Ficure 8. —Effect of sunset on larval tuna and inverte-
brate plankton catches, and depth of deep-scattering
layer, as observed on Charles H. Gilbert cruise 34, sta-
tions 4 and 13, June 21-22, 1957. Plotted time for larval
tuna and plankton catches is midpoint of towing interval.

tuna cateh (skipjack and yellowfin combined)
with the accompanying invertebrate plankton vol-
umes is given in figure 9. The plankton data
were obtained from the report of King and Hida
(1954) (Hugh M. Smith cruises 4 and 6) and
from unpublished information in the POFT files
(Hugh M. Smith cruise 38 and Charles H. Gil-
bert cruises 30, 32, and 34). The dotted line in
figure 9 was fitted by eye to enclose the maximal
situations of abundance.

1 Unpublished data in POFI files, Bureau of Commercial Fish-
eries Laboratory.
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FicUre 9.—Number of larval skipjack and yellowfin (com-
bined) in relation to accompanying invertebrate plank-
ton volumes. Data derived from 177 samples taken at
0 m. or 0-G0 m. hetween evening and dawn. Curve fitted
by eye to include maximal points.

In figure 9 it is seen that all of the large
catches of tuna larvae were accompanied by small
or moderate volumes of invertebrate plankton
(roughly 10 to 60 ml./1000 cubic meters). The
catches lowest in plankton contained few larvae,
as did those richest in plankton. A similar but
more marked situation obtained for frigate mack-
erel (not shown). It might be hypothesized that
the low plankton concentrations were associated
with either low-nutrient water or with enriched
water so new to the euphotic zone that it had not
been exploited biologically. In neither -case
would larval tuna be expected to abound. At
the other extreme, large numbers of invertebrate
plankters could represent both successful biologi-
sal exploitation and a low level of grazing by
higher forms. Many plankton feeders, such as
small fish, squid, and crustaceans are of value to
adult tuna as food (Reintjes and King, 1953;
King and Tkehara, 1956), so that in their ab-
sence few adult tuna would he present, and logi-
cally there would be a paucity of tuna larvae
(unless tuna spawn in areas of poor forage).

FISH AND WILDLIFE SERVICE

The shape and skewness of the dotted line
(fig. 9) were evident in the data segregated by
species and by cruise, and pooling was only done
to emphasize the maximal (limiting?) situations.
The nearly vertical ascent of the left limb stood
in contrast to the gradual descent of the right.

" Whether the right-hand slope represents inverte-

brates grazing on larval tuna is not known, but
there is some evidence that the left slope does
not. depict tuna larvae feeding on invertebrates.
Clemens (1956) found that juvenile tunas re-
jected invertebrate plankters as food but avidly
fed on softer-bodied larval fish, and the single
larval tuna containing food, an 8 mm. skipjack,
dissected by the writer had eaten a’fish larva
one-third its length.

The apparent incompatability between larval
tuna and invertebrate plankton veminds one of
the exclusion hypothesis of Hardy (1935). In
the present investigation, it would seem more
likely that the two groups of animals are showing
a differential response to some stimulus, such as
light intensity, rather than actively avoiding
each other.

Length Distribution of Larval Tuna by Depth and Time

Knowledge of the relative abundance of various
size groups is of considerable importance in the
problem of sampling larval tuna. It is desirable
to know the minimum size which can be captured
by a given mesh, and the maximum size which
can be faken at a certain towing speed. From
the standpoint of tuna biology, relative size abun-
dance provides information on growth and mor-
tality.

For this report, size was expressed in terms of
length, and’ total length was selected from the
several length measurements nsed for fish (p. 233).
Length was measured with the aid of a binocular
dissecting miecroscope fitted with an ocular mi-
crometer. Measurements were made to the near-
est. micrometer unit (0.095 mm.), and’ then con-
verted to millimeters and tenths of millimeters.
Because of body distortion and frayed fins these
neasurements were sometimes overly precise, but
this has heen remedied by grouping the fish in
1-mm. length categories.

The percentage frequency of occurrence by
1-mm. length groups of skipjack and yellowfin is
shown in figure 10 for specimens collected on
Hugh M. Smith cruises 4, 6, 31, and 33, and
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Charles H. Gilbert cruise 34. Larvae between
3.0 and 5.9 mi. dominated the catch of both
species. Since tuna larvae are thought to measure
between 2.4 and 3.0 mm. at. hatching (Matsumoto
1958) one would expect the 2.0-2.9 mm. category
to predominate, and the fact that it did not. do so
indicates either an erroncous impression of hatch-
ing size, a different habitat for this group, or,
more likely, escapement. through the net meshes.
These factors may also apply to the 3.0-3.9 mm.
group, for it was exceeded in number by the
4.0—4.9 mm. category in most instances. The nets
employed in capturing these fish had aperture
widths of 0.66 mm. (body) and 0.31 mm. (rear
section and bag). Large larvae (> 5 mm.) com-
prised only a small portion of the catch, and
although this stems in part from their being
fewer in number, it also reflects their increased
agility and net-dodging powers.

Although the surtace, 0-60 and 7T0-130 ni. tows
yielded similar length frequency distributions for
yellowfin they did not do so for skipjack. The
0-80 m. samples contained more large skipjack
larvae than those from the surface, whereas the
70-130 m. collections had more small skipjack
larvae than either shallow tow. In the case of the
70-130 m. data, however, the small sample size
tends to discredit any conclusions drawn.

Because samples from deeper than 60 m. con-
tained few tuna larvae of any kind, the discussion
of the temporal aspects of length distribution is
limited to the surface and the 0-60 m. catches.
These were segregated into day and night hauls
and replotted as figure 11. Except for the yellow-
fin surface data the day samples contained few
fish, and the slight contrasts may not he real. In
general terms there appeared to be little differ-
ence between the day and night length distribu-
tions of the surface catches, but in the 0-60 m.
data the two species were more variable. Here
there was a tendency for more large skipjack to
be taken-at night than during the day, whereas
in yellowfin the reverse was true. If these phe-
nomena are not sampling artifacts they may rep-
resent. hehavior having to do with differential
vertical migration and net-dodging. Some evi-
dence points to the existence of different migra-
tional patterns between skipjack and yellowfin,
for in figure 7 it was shown that yellowfin were
more commonly caught at the surface during the
day than skipjack. These captures counld also
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have resulted from yellowfin being less adept at
net-dodging, although this variable is difficult to
assay.

Of the maximal sizes captured by surface tows,
yellowfin were generally larger than skipjack
(fig. 12); the difference in length between the
yellowtin and skipjack Iarvae was fairly constant
with various sampling times; and larger sizes of
both species were taken with the advent of night.
The last point indicates less successful dodging
after dark, while the first two show that at a
given time of day larger yellowfin than the skip-
jack can be captured, thus implying that yellow-
fin are slightly, but consistently, poorer dodgers.
On the basis of casual observations of the adult
swimming speeds, larval yellowfin may he slower
swimmers than skipjack. The 0-60 m. data vary
irregularly with sampling time but generally
point out the diminishing effects of dodging as
areater (darker) depths are sampled.



244 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

SKIPJACK [~ NIGHT | YELLOWFIN
60 T { i T T T T 1 I T T T T T T T T T
ol 11 .
SURFACE —1 B SURFACE .
w
(]
f 4 ] T
W
a«
= — -
Q
8
% 7
o] ut 1
&
2 1 1
(<]
w
['4
& 4 i
[TV
g 4 i
z
(")
2 .
] |
0 ot 1 ase |
2|.0 3i0 4i° 5]0 6|0 7i0 aio 9io |q.o ZI.O 3i° 4i° 5|0 6|0 T.IO &IO 9].0 lqo
29 39 49 59 69 79 89 9.9 108 29 39 49 59 69 79 89 99 109

TOTAL LENGTH(MM) TOTAL LENGTH(MM)

Freure 11.—Size variation of skipjack and yellowfin larvae in relation to time of sampling. Data derived from
following catches: surface tows (skipjack) 16 day, 174 night: (yellowtin) 71 day. 239 night: 060 m. tows (skipjack)
27 day. 147 night: (yellowtin) 32 day. 144 night.

S ?URFIACEI _ f'or if a delfinite. nume1"icnl 1'elat.io¥1 co_uld b.e estab-

lished it might result in the substitution of plank-

o 1r 1  ton nets for poles and longlines to provide esti-

ol 1+ 4 mates of abundance in exploratory fishing. An

ef' N | i obvious limitation of this approach is that larvae

- S NNA F contribute information only about the presence

ET. /7 5\; ‘1 i 71 of spawning fish. In calculations of the larva/

E o /i X 1k . ndEﬂt ratio p.art-i(;-.ula.r attention must ther.efore. be

34 /?”“‘E’ \ 4L | puid to the size of the adults caught, for it would

g ; be pointless to correlate the presence of larvae
i AT 7 and immature adults.

3l - - It was shown earlier that of the various plank-

o e SKPACK 4 ton tows employed, the 0—90(_:) m. tow was the only

L T | one which sampled the entire vertical range of

) . larval tuna. Where possible this sampling method

° o:a%f. |l§leo ojlo—ollco o:e olle I:Zj:g z:oﬁo 0:4 ofa has been used to provide estimates of larval abun-

2 16 20 2 0408 12 ‘2 16 20 24 04 08 12 dance, with the catches being converted to the

number of larvae heneath 10 square meters of

. 19 —_A[avi « 4 . aPrve u . . . a
Froure 12.—DMaximum length of tuna larvae captured at sen sm‘fnce, and the dzl-y and mght. smnples belng

various times of day. Data derived from following .. Dy ey

catches: Surface tows, 190 skipjack and 311 yellowfin: considered of equal reliability. ‘
0-60 m. tows, 200 skipjack and 179 yellowtin. Yellowfin are sexually mature in appreciable
numbers only at lengths greater than 120 cm.

« . R ..

ADULT Vil;"US LARVAL TUNA (Yuen and June, 1957) ; fish of this size are deep-
UNDANCE swimming and best sampled by longlining (Mur-
The determination of a numerical larval-adult  phy and Shomura, 1953). For yellowfin, there-
tuna relation is of considerable practical value, fore, only longline captures were considered, and
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these were expressed as catch per hundred hooks.
The data examined were taken from the reports
of Murphy and Shomura (1953, 1955) dealing
with the catches made on cruises 5, 7, 11, and 18
of the Hugh M. Smith. During these four cruises
longline stations were accompanied by a 0-200 m.
plankton tow on 55 occasions (see Matsumoto
1958). At 13 of these stations both larval and
adult yellowfin were captured, at 25 stations only
adults were taken, at 3 stations only larvae were
captured, and at 14 stations neither larvae nor
adults were taken. Only the 13 stations yielding
both adults and larvae were analyzed, as it was
reasoned that the absence of larvae might connote
non-spawning (the absence of adults in the pres-
ence of larvae was infrequent and is not pres-
ently explicable). The data examined are pre-
sented in table 4. As previously shown, the
larval data are skewed, and as pointed out by
Murphy and Elliott (1954), so are those for adult
yellowfin captured by longline. The data in table
4 were made approximately normal by transform-
ing them logarithmically, and were analyzed by
correlation methods which yielded a non-signifi-
cant  -value of 04923  (p,.=0.553, Snedecor
1946: 149). It would appear from this, that for
yellowfin either the larva/adult relation is not
well defined, or that the individual catches are
not reliable estimates of abundance.

TaBLE J.—Larval and advlt yellowfin captured at the same

slation
Hugh M. Smith, cruise No. Station | Larvae per | Adults per
10 m? 100 hnoks

2 1.5 3.2

16 0.9 2.3

24 1.3 3.4

4 29 1.2

6 1.4 0.8

8 5.2 0.5

9 4.1 5.0

10 57 15.7

11 8.2 10.3

12 2.1 7.9

22 4.6 29.3

23 1.5 13.0

4 3.2 n.4

Considerable difficulty was experienced in re-
lating the abundance of larval and adult skip-
jack. The adults are essentially surface fish, so
that it was necessary to derive abundance figures
from the techniques peculiar to a live-bait fishery.
This fishery provides two measures of abundance,
one based on catch, the other on the number cf
schools sighted during scouting. Adult-larval
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satch correlations could not be calculated because
of a lack of plankton data, for in scouting, those
observations attended by adequate plankton tows
were generally secondary to other work programs.
The available abundance estimates furnished by
scouting thus suffer from inconsistency of effort
and insuflicient data on the number of fish com-
prising a school.

Despite these inadequacies there seemed to ex-
ist a rough relation between the numbers of lar-
vae captured and schools seen, an example of
which is shown in figure 13. The data used in
this figure were derived from Hugh M. Smith
cruises 33 and 38 (both primarily oceanographic)
and  Charles H. Gilbert cruise 32 (live-bait
fishing). All three cruises investigated the
waters of French Oceania and the central equa-
torial Pacific in January-March, the local skip-
jack season. For this study the region was di-
vided into 13 areas (fig. 13) in accordance with
the vessel tracks and certain oceanographic fea-
tures. The number of hours of scouting and
number of skipjack schools sighted were recorded
by area, and from these figures a measure of
abundance, expressed as the average number of
skipjack schools sighted per 100 hours, was ob-
tained. The data on adult abundance resulted
from a total of 1,085 scouting hours in which 140
definitely identified skipjack schools were seen.

It would have been desirable to extract larval
skipjack abundance figures from the captures
made by 0-200 m. plankton tows, but unfortu-
nately these tows were infrequent. on the above
cruises. As a consequence it was necessary to use
the night catches of the 0 m. and 0-60 m. tows,
both of which yielded about. the same numbers of
larval skipjack per station (see appendix tables
7, S, and 10). As with the adult calculations,
larval catch and effort werve summarized by area,
providing abundance estimates in terms of the
average number of skipjack larvae per 1,000
cubic meters strained. The larval tuna data were
based on a total of 406 skipjack larvae captured
hy straining 149,408 cubic meters of water.

The occurrence of larval skipjack coincided
with that of adult schools, except. for areas 6 and
11 (fig. 13). In addition, there was a general
proportionality between the two variables, so that
area 8 had large numbers of adults and larvae,
the surrounding areas had small or moderate
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Frcurk 13.—Relation between numbers of larval and adult skipjack. Data from Hugh M. Smith cruises 33 and 38 and

('harles H. (ilbert crnise 32.

numbers of each, and the peripheral areas fre-
quently lacked hoth. As with yellowfin, the data
were transformed logarithmically and analyzed
by correlation methods. Ignoring the zero rec-
ords, a non-significant r-value of 0.611 was ob-
tained (ro; = 0.754, Snedecor 1946: 149). Again
it could not be determined whether the lack of
correlation resulted from a real lack of inter-rela-
tion or merely reflected the inadequacy of the
estimates.

SUMMARY

(1) Asa prelude to the collection and interpre-
tation of data on larval tuna abundance, it was
considered necessary to know the reliability of

See text for details.

the sampling methods, to standardize the time
and depth of sampling for comparative purposes,
and to understand certain facies of larval tuna
behavior. This report deals with these problems
by an analysis of the larval tuna catches made by
0, 0-60, T0-130, 140-200, and 0-200 m. plankton
tows. These tows were taken during 15 POFI
cruises in the waters of the Hawaiian Islands,
the equatorial Pacific, and French Oceania.

(2) The use of paired plankton nets showed
that the catch made by a single net could be
duplicated and was therefore reliable within the
limitations of the sampling method.

(3) Most. tuna larvae were captured between
the surface and 60 m. depth, with about 20-25
percént of the catch between 70 and 130 m., and
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practically none between 140 and 200 m. There
were marked night-day differences in catch at the
surface but these became less as greater depths
were sampled, and were not present in the 0-200
m. catches. Diurnal catch differences were at-
tributed to migration to the surface at night and
to dodging the nets during the day, with the
former being of greater importance to the catch.
Some evidence suggested that the 60°F. isotherm
may be limiting to the occurrence of tuna larvae.

(4) When larval tuna catches were referred to
areal units of sea surface it appeared that the
(0-200 m. plankton tow, by sampling the complete
vertical distribution of the fish, produced the
most reliable abundance estimates. There was
no apparent relation between the cateh of this
tow and of shallower tows made at the same time.

(5) Catch data from 0 and 0-60 m. tows
showed that skipjack and frigate mackerel larvae
were rarely captured during the day but were
common at night. This tendency was less marked
for yellowfin, particularly in the 0-60 m. tows.

(6) Both skipjack and yellowfin began to ap-
pear in the surface catch in the afternoon, but
practically none were caught near sunset. Their
temporary disappearance was correlated with the
evening rise of the deep scattering layer and its
associated invertebrate plankton. Further study
showed an inverse relation between the numbers
of larval tuna and invertebrate plankton volumes.
Larval tuna did not appear to be constituents of
the deep scattering layer.

(7) Measurements of larval tuna demonstrated
that the dominant length group in the catch was
from 4.0 to £.9 mm. in total length. This size
range predominated at each depth sampled, with
slight nen-modal shifts between day and night
and between certain depths. Many larvae of the
2.0-2.9 mm. group may have passed through the
net meshes, as may some of the 3.0-3.9 mm. cate-
gory, and fish larger than 5 mm. were not com-
mon. Evidence derived from the larger larvae
indicated that yellowtin were poorer dodgers than
skipjack.

(8) No significant relation was found between
the number of yellowfin taken by longline and
the number of their larvae captured by 0-200 m.
plankton tows. Similarly no significant. relation
was obtained between the number of skipjack
schools sighted per 100 hours scouting and the
number of larvae taken by 0 m. and 0-60 m. tows.
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TarLE 5.— Larral tuna coliected from surface hauls of ene-hour duration on cruise 4 of the Hugh M. 8mith in

APPENDIX

walers

[All data except for larval tuna are from King and Hida, 1954; only skipjack and yellowfin larvae considered]

Hawaiian

Position ‘Water Number of fish in sample
Station No. Date Time strained
started (m3 .
North latitude West longitude skipjack | Yellowfin Total
xS ) 5/16/50 0934 2,255.3 0 1 1
R 5/16{50 1722 2,604, 7 6 7 13
5/17/50 0240 2,504. 5 0 0 0
- 517150 0925 2,609.9 [ 2 2
R 5/17/50 1640 2,124.9 0 0 0
- 5/18/50 0028 2,231.5 2 0 2
. B/18/60 1048 2,271.9 0 0 0
- 5/18/50 1835 2,967.4 0 0 0
5/19/50 0255 2,472.3 A 4 9
5/19/50 1000 2,585, 2 1 1 2
5{15{50 1456 2,742.2 0 0 0
- 5{15/50 2316 2,704.2 12 0 12
5/15/50 0503 2,642.3 0 0 0
5/21/50 0150 2,906, 2 16 0 16
5/21/50 1005 2,265.3 0 0 ]
- 5/21/50 1610 2,950, 2 0 4 0
- 5/21/50 2253 3,017. 4 2 0 2
- 5{22/50 0546 2,504.0 0 0 0
5/22/50 1531 2,768.9 0 2 2
5/23/50 0018 3.097.3 0 0 Q
. 5/23(50 0911 3,346.3 0 1 1
- 5/23/50 1648 2,730.9 ] 1 1
N 5/24/50 0120 2,705.6 13 ] 18
- 5/14/50 1852 2,181.5 2 0 2
5/14/50 0820 1,254.7 0 0 0
- 5/24{54) 1333 2,644, 7 0 0 0
- 5[24/50 2107 2,815.1 L] 1 ]
5/25/50 0214 3,098.8 5 0 5
..................... 5/25/50 1740 3,169.4 0 0 0

TABLE

6.— Larval Luna colleclerd

preeesserd)

[All data, except larval counts, from King and others, 1957]

hy 3-level closing nets on cruise 31 of the Hugh M. Smith (numerous samples not

Station No.

Position

Depth of tow
(meters)

Latitude

Longitude

Date
1955

Time
started

Water

Numter of fish in sample

strained
tm?¥)

Skin-
jack fin

Yellow-

Frigate
mack-
ere]

Uniden-
tified

Total

! Data not reported hy King et al.

A8-160
151-306.
0-7T4....

gCa

155°16’ W

157°49" W

15614 W

154754 W .

because of damage or malfunctioning of gear or other reasons. Most of these data not incvr porated in present analysis,
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TaBLE 6.—Larval tuna eollected by 3-level closing nets on cruise 31 of the Hugh M. Smith (numerous samples not
processed)—Continued

1Al data, except larval counts, from King and others, 1957]

135°36° W
134°12" W

Position 1w Number of fish in sample
) 7
Station No, Depth of tow Date Time stras;xfel;l
(meters) . i 1955 started (m3) Skin- | Yellow-| Frigate| Uniden-
Latitude Longitude jack fin mack- | tified | Total
erel
0SP26° N .| 150°64¢ W _________ 9/30 2157 233.0 2 0 2
09°13' N 10/1 0u32 1.285.6 0 0 1}
______ ) crmeemeefee | L0268 0 0 0
11°32' N 148°13" W _ 10/2 0845 1,008 5 0 0 n
1479107 W, 10/2 2200 1,503.2 n 2 2
........................................... 350, 4 n 0 0
146°08° WV | 10/3 0929 S51. 8 0 0 0
14°54 W _ .. 10/3 2153 1,502.7 0 1 2
...................................... 1,197.1 1] 0 0
10/4 (918 1.298.2 0 0 2
2 [ 2 3
0 0 0
0 4 4
Q Q
140702 W 3 2 ";"
.......... g 8 0
____________ n
137743 W_ 0 1} 0
13893V "W 0 0 0
0 0
0 0
0 1
0
0
0
n
0

W

08738’ N

07°0) N
04734’ N

W
BELUSC

05°49’ N

05°10' N

127°16° W
126°12 W
125°000 W

10837 W
-| 109°24" W

o] 110°6° W
112020 W

121°20' W

10/14
10/15

! Data not reported hy King et al. hecause of damage or malfunctioning of gear or other reasons.
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Most of these data not. incorporated in present analysis.
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TaBre 6.— Larval tuna collected by 3-level closing nets on cruise 51 of the Hugh M. Smith (numerous samples not
processed)—Continued

{All data, except larval eounts, from King and others, 1957]

Station No, Depth of tow

{meters)

Position

Latitude

Longitude

Time
started

Water
strained
{m3)

Number of fish in sample

Skip-
jack

Yellow-

Frigate,
fin

mack-
erel

Uniden
tifted

Total

T0-130.
170-207 1
019

122°31' W

127708 W
130748 W

i3
139°54

OO W_
139°48" W_

2128
2121(4-10)

ocooooee

O o O OO0 OOOIDOS=IOoOIOC ST oooT
OO CC OO ooCoOO=OODTHIDHOCOoOCIoCoOOOONSS

oo DO oSoooCoooODOSoSoToODOT

QOQQCOooacscc:G#cHO@OCOCGO:GC*‘Q"CO'—'OO

OO S S MORSDHOONDOOCOEND=HIOWO D

cooODZD

1 Data not reported by King et al. beeause of damage or malfunctioning of gear

TaBrLE 7.—Lurval tuna collecled on Hugh M

or uther

reasons.

. Smith cruise 33 in equatorial waters

Most of these data not incorporated in present analysis.

Position Number of fish in sample
: Approximate Time Water
Station No. depth of tow Date started strained
tmeters) 1956 (+10) (m3} Skip- | Yellow-| Frigate |Uniden-
Latitude Longitude jack fin mack- | tified | Total
erel
2,020 0
924
1,303
2,598
1, M7
I sy e EPUPISSRION SR 1,700
_____ 10751 N_. o] 130587 W - 3/9 2246- 2,352 1 1
L 2 Y (935’ N__ 140705 W 3/10 908 1, 5_1'2

See footnotes at end of table,

OCQCQCCCQCQGOQGOOC:.C-GGQOQQ
RS OROORoSORROOoooTOoOD2oOS0
OO RDOWWOONTSC RO R@N—DD
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TarLe 7.—Larval tuna collected on Hugh M. Smith cruise 33 in equatoriol waters— Continued

Position Number of fish in sample
Approximate Time Water
Station No. depth of tow Date started strained
(meters) . . 1936 (+1n (m?) Skip- | Yellow-| Frigate [Uniden-
Latitude Longitude jack fin | mack- | tified | Tota!
erel
0. oo N-6)_ 02°45' N___....... 140707 ¥ 1, 5&% 0 1} 0 0 0
70-130__ 045 0 0 0 1] 0
R T 1 RN DRSSt F SRR RN [ 1,442 [{] 0 0 0 1l
b 5 P (-6 1,316 0 0 i n M
T0-130__ 1. 155 [} 0 1] 0 i}
140-200 1,354 0 (] ] 0 0
0.___. 1,953 1] 0 0 [i] n
120 . 0-60 1,775 5 0 0 n I
TO-130. L. |ee e e e v ceeee e e 103 1} 1] 1} 0 0
L0-200_ e ccme e e e e s e c e ;e e e 2,639 (1] [}] 0 0 1]
) J O=F0_ 0SS 1,435 1] 1} 0 i} n
TO-130. e e e §11 n 0 n 0 0
140-200_ e 2,175 [{} 0 i] 0 ]
........................... 2, 358 {] 1l 1 0 1
Yo 0-60__ 1,861 1] 3 0 0 3
TO1B0_ e mmmmm e e e e e e 1, 540 1] [} 0 0 0
T0-200_ oo fm it e 2,632 0 } 1] 1] 0
) P 0-60____ 1,786 0 )] 0 1] [i]
TO-130. e 1,062 i} 0 0 1] 1]
MO-200_ . ] i] 0 1] 0 n
ORIV Pty Ry SR RUUN PR 2,394 1} 2 0 0 2
) 0-60____ |03 S 1, 848 1 4 0 0 &
TO-130_ el 1,012 0 [} 0 0 1]
MO-2000 | imeiciic e 756 0 0 L0 0 0
(-60__ 1. 553 1] 5 4 0 It
T-I300 e e - 1,082 1 [} {1 0 1
o200 . i H2% 0 ¢ 0 1} 0
RN FUVUy SRR RIS PP I , B 39 ] 1 n 45
18 . O-60______________ OV N__________ 0 i) 0 0 0
70130 | 4 0 i} 1 5
140200 s 0 [ (G 0 0
0-200.__ i} 1 0 0 1
19 e N-6), 0 n [ 0 1]
7n-130. 0 (] [ 0 0
PET) 1) N PR SRS 0 0 [l 0 0
. L, 0-60_____ ... | 00°ODE N______._. 0 1 0 1} 1
70-130__ 4] n [4] 0 0
T40-200__ . | 1 n ¢ 0 1
O=20%) 0 1] 0 [l [}
) S 0-60__ .| N__ . U [}] [0 1] [}
70-130 0 0 0 \ 0
140-200_ e 0 0 0 1} 0
0N-200_ 0 [} 0 0 0n
., 0-60__ 0 0 0 0 1]
TOIB0L e e e 0 0 1} 0 1]
140-200 . PRSI PR (I, 1,053 0 0 0 0 n
332-12 01°05' N__ 140°03’ 1, 461 0 0 0 0 n
P } 01°06" N 140°05" W 2,114 1 0 0 0 1
K 734 /] 0 0 (1] (1}
1. 185 i} 0 0 0 0
1,353 0 0 ] 0 0
1, 506 1 0 i} 0. 1
1,73t 3 0 [ ¢ 3
1, 583 0 0 0 0 0
1. 46 0 3 0 0 3
867 0 0 0 0 0
1,073 1] 0 0 (] 0
2,934 1 {1 1 0 2
2,487 3 1 ] 0 3
2,055 1} 1 2 0 3
1,044 [H 0n [0l 0 i]
2,319 1] ] [}] ] [
2, 558 3 1} 1} 0 3
1, 581 il 1] 1] 0 0
(/24 0 [} 0n 0 Q0
1,874 2 1 U 0 3

‘I Nets came in, open,

? Estimated.
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8.-— Larval tuna collected en Hugh M. Smith cruise 38 in equatorial waters and near French Oceania
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Station No.

Approximate
depth of
tow (meters)

Position

Latitude

Longitude

Date
1957

Time
started

‘Water
strained
(m3)

Nurmber of fish in sample

kip-
ack

s T2

Yel-
lowfin

Frig-
gate
mack-
erel

Little
tunny

. Un-
identi-
fled

Total

20065

124°56'W _

L4454 W _

2108
2134
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TARBLE 9.— Larval luna collected on Charles H. Gilbert cruise 30 in French Oceania

[A]l tows were at the surface and of a hall-hour's duration]

“09°36.57

09°21,5'8.

1337187V
133°33.5'W

134933’V

135738.5°V .
135°52'W _ -|--
TR
137°01'W .

1347455V | R

——plrn s

[ =]
-

Position Number of fish in sample
Time Water
Station No. Date started strained
1956 (+9) (1mn3) Skip- | Yellow-| Frigate| Little Un-
Latitude Longitude jack fin mack- | tunny | iden- | Total

ernl tifted
133°40'W . ... 8/16 0959 1,804 0 0 0 0 0 0
133°09'W _ 817 0750 1,774 0 1 0 0 0 1
133°02'W _ B 2000 1, 870 0 1 0 0 0 1
.......................... 1, 597 0 [} 3 0 0 3
PR 2041 1,571 0 0 1 1 [+ 2
RV DAty SRR DRORSPRRIS PR 1,533 0 0 1 0 0 1
4o oo | OO°B4'S 0752 1,872 (] 0 0 0 0 0
L 2 01920 | 132°03'W ] 2003 1,572 0 0 0 0 0 0
SRR PRPUIUSt ORISR RPN PARRNN NN 1,309 0 0 0 0 0 0
2039 1,18 0 0 0 0 0 0
......................... 1, 556 0 0 0 0 0 0
B oo 02°448 0744 1, 541 0 0 0 0 1 1
R, 03°0R/S. 1818 W | 1959 1, 662 0 0 0 0 1 1
Y RS RPRUUE SUSRUUUIN) PSRN 1,688 0 Q 0 0 1 1
- 2037 1.373 0 [} ] 0 2 2
.......................................... 1.320 0 0 0 0 0 0
Bl 04°25.5'8 ... 131739 W _ 0746 1,670 0 )] 0 0 0 0
L 04°49'8 1L 131°48.5'W _ 1, 567 0 0 0 0 0 0
_____________________ 1, M8 0 0 1 )] Q 1
1, 610 [\] 0 0 0 1] 0
_________ 1, 597 0 0 0 0 0 0
132°17'W | 1,678 0 0 0 0 1] Q
.......... 132°10"W _ 1,409 1] 0 0 1] n 0
___________________________ 1,392 0 [} (1] 0 0 0
......... 1,410 0 Q 0 [ 0 0
___________ 1,413 0 0 [\ 0 ] 0
12 . 132°05' W _ 1, 4562 0 0 [ 0 0 0
18 | ORTOLAS . 132°03' W _ 1.775 1 Q o 0 0 1
___________________ 1,732 0 2 ] 1] ] 2
_______ 1, 563 2 0 0 0 ¢ 2
______________ 1,552 1 0 0 0 0 1
Moo | 09°22'S 132°09.5'W - 1,670 D] 0 1] 0 0 0
18 oo} 09°%48'S 132°07'W _ ) 1954 1,672 0 1 0 0 0 1
______________ R N P, 1, 649 '] 0 0 0 0 Q
PRI DR 2034 1,271 0 V] 0 0 0 0
__________________________________ m————— 1, 249 0 0 0 0 0 0
B 10°51°8 . 132°00°'W _ - 824 0740 1,741 [} 0 [ 0 0 0
| I SRR B § s 111 - S 131°56°W _ N 57 [} i} 0 0 0 i}
________________________ Q U] 0 0 0 [\
_______ 1 (] 0 0 0 1
................. 0 0 0 0 0 0
) L T N b b6 T 0 0 0 0 0 0
3 T 2 0 0 2 ] 4
] 0 0 0 0 0
1 0 0 0 1
0 0 0 Q 1]
0 0 0 17
0 1] 1 14

0 0 1

0 0 2

0 0 1

0 0 0

0 [ 2

(] [ i

0 0 0

0 0

0 0

0 0

0 0

0 0

0 0

a 0

0 0

0 0

0 0

\ 0

0

0

0

[}

8
2 S
11 S

weanrs. I

137°52°W
13%%54'W

W
130°41'W
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TasLe W0.—Larval tuna cellected on Charles H. Gilbert cruise 32 in French Oceania; all tows were af the surface and of a
half-hour's duration

Position Number of fish in sample
Time Water
Station No. Date started struined
1957 (+10) {m3) Skip- Yel- | Frigate| Little Un-
Latitude Longitude jack | lowfin { mack- | tunny | identi- | Total
erel fied
146°20' W __ . 2/19 1937 1, 490 36 15 0 2 0 53
145°31.5" W - 2020 0347 1, 881 11 5- 0 [t} 2 18
143°55° W__ I 2/20 1941 1,834 0 1 0 [} [} 1
143°06.5" W R 2421 0346 1,738 5 1 0 0 0 6
141°33' W__ U 2721 1933 1,7 4 4 0 0 0 8
141°03° W __ R 2022 0345 1,842 17 2 0 1] 0 19
139°37° W_. I 2127 1936 1, 467 6 (1} 0 )] 0 6
139954 W .. ... 3/2 2121 1, 068 1 8 2 0 0 11
TaBLE Vl.—Larval tuna collected on Charles H. Gilbert eruise 34 in Hawaiian walers
[All tows were of a half-hour’s duration]
Position Number of fish in sample
Approximate Time Water
Station No, depth of tow Date | started | strained
tmeters) B 1957 (+10) {m?) Skip- | Yel- | Frigate] Little | Un-
North latitude | West longitude jack | lowfin | macs- | tunny | identi- | Total
erel fled
1240 1, 538 0 8 0 0 0 6
1500 1,189 0 0 0 0 0 0
1742 1,644 2 4 0 0 D] L]
1813 1,282 0 4 0 0 0 4
1840 1,377 0 1 0 0 0 1
1909 1, 504 0 0 0 (¢} 0 0
1942 2,061 [V} 0 0 0 )] 0
2015 2,156 1 3 [\] 0 [\ 4
2049 1,540 1 1 0 0 0 2
2121 1,616 0 0 0 0 0 0
0013 1,742 1 0 0 0 0 1
1,081 1 1] [ [}] 0 1
0622 1,933 2 0 /] 0 0 2
0906 1,719 3 0 1] 0 [1] 3
1154 1,371 1 1 0 [} 0 2
1459 1,663 0 0 0 0 0 0
1743 1,553 1 0 0 0 0 1
1814 1,426 U] 11 0 0 0 11
1844 1, 865 1 3 0 1 [} 5
1914 1, 593 0 u 0 Y ] [V}
1945 1,870 0 i Q [t} 0 1
2015 2,060 6 4 0 [ 1 11
2045 2,454 2 1 ] 0 0 3
2121 1.618 2 2 4 0 0 4
0001 1.724 7 0 0 0 0 7
0259 1,485 4 1 0 0 4} 5
0603 1,543 0 ] 0 0 0 0
0850 1,412 0 2 0 0 0 3
1852 1,253 1 0 0 0 0 1
1902 1,412 1 1 0 [t] 1 3
2305 1,354 4 0 41 1 0 46
0324 1,618 ] 0 L) 0 [V} 13
062 1, 570 1 4 2 0 0 7
0930 1,645 1 0 0 v 0 1
1642 1,325 0 0 2 0 0 2
2337 1,385 0 i) 5 1 1 12
0228 1,621 9 8 0 [ 0N 17
0526 1, 566 1 4 16 1] 0 N
1924 2. 496 [} 4 T ‘0 0 81
2059 2,230 2 10 284 0 7 303
2301 2,400 0 3 140 0 1 146
2337 2, 864 0 -] 173 0 0 181
0100 2,312 0 5 a 0 0 101
0300 2,343 1 4 H5 0 [V} 70
0501 1,786 4 24 210 0 0 238
2001 1,215 [{] 4 43 0 Q0 47
2046 2,339 1 22 1. 857 [ 0 1, 580
2201 1,626 4 36 186 0 1 25
2233 2,370 0 11 182 [}] [}] 193
2306 2,295 4 &9 234 0 0 207
2349 1,754 9 11 11 0 4 45
0035 1, 587 [ 17 138 0 0 161
0. 0133 1,434 3 10 36 ] 0 49
1579020/ . o |aeaeeas 0221 1, 646 11 21 65 Q 0 97
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